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(57) ABSTRACT 

A level conversion circuit according to the present invention 
comprises: a first transistor having a gate thereof grounded, 
for inputting the input Voltage to a source thereof and output 
ting an output Voltage from a drain thereof; a second transistor 
having a drain thereof to which a power Supply Voltage is 
applied, for inputting the output Voltage outputted from the 
drain of the first transistor to a gate thereof and outputting, 
from a source thereof, the output voltage determined by the 
power Supply Voltage; a level shift circuit for inputting the 
output voltage outputted from the source of the second tran 
sistor to an input end thereof and outputting, from an output 
end thereof, a voltage whose level is shifted by a predeter 
mined amount; and a resistance inserted between the output 
end of the level shift circuit and a ground. Thus, it becomes 
possible to reduce a current Ii flowing to the gate of the first 
transistor to a level close to Zero. 

10 Claims, 16 Drawing Sheets 
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1. 

LEVEL CONVERSION CIRCUIT WITH LOW 
CONSUMPTION CURRENT 

CHARACTERISTICS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a level conversion circuit 
connected to a logic circuit included in a radio-frequency 
signal Switching device used in a communication terminal 
apparatus (a cellular telephone, wireless communication unit 
or the like). 

2. Description of the Background Art 
In recent years, there has been an increased demand that a 

radio-frequency signal Switching device be of a multi-input 
multi-output type. The radio-frequency signal Switching 
device of this type requires a logic circuit. The logic circuit 
outputs a signal to any of four output terminals correspond 
ing, respectively, to four types of combinations (00, 01, 10. 
11) of input signals, each having two bits, for example. 

However, a Voltage range as “Low' and a Voltage range as 
“High', both of which are allowable for the logic circuit does 
not necessarily coincide with a Voltage range of a signal 
outputted from a circuit provided preceding to the logic cir 
cuit. For example, when a baseband circuit provided preced 
ing to the logic circuit is a C-MOS output circuit, “Low’ is OV 
and “High’ is 1.8V or more, while when the logic circuit is a 
gallium arsenide metal semiconductor field-effect transistor 
(GaAs-MESFET), “Low” is OV and “High” is approximately 
0.2V or more, for example. Under such circumstances, a level 
conversion circuit is necessary to be provided. 

FIG. 13 is a diagram illustrating an example of a schematic 
structure of a radio-frequency signal Switching device includ 
ing a level conversion circuit. In an example shown in FIG. 
13, a SW circuit 140 has one input and four outputs. A base 
band circuit 110 outputs a control signal for which the SW 
circuit 140 selects any one of paths SW-A to SW-D. In this 
example, since four paths are provided in the SW circuit 140, 
two signal output lines (2 bits) are used. A signal having a 
frequency significantly lower than that of a signal passing 
through the SW circuit 140 is used as the control signal 
outputted from the baseband circuit 110. 
A level conversion circuit 120 inputs two control signals 

outputted from the baseband circuit 110, converts voltage 
levels of the respective signals into those which allow a logic 
circuit 130 to operate in an appropriate manner, and then 
outputs the signals thus obtained. The logic circuit 130 further 
converts the converted signals outputted from the level con 
version circuit 120 into four Switching signals and outputs the 
four Switching signals having been converted. For example, 
among combinations of a Low level “0” and a High level “1” 
of the two respective converted signals, the logic circuit 130 
assigns “00', '01, “10 and “11” to a switching signal A, a 
Switching signal B, a Switching signal C and a Switching 
signal D, respectively, and selects any one of the paths SW-A 
to SW-D included in the SW circuit 140 based on the Switch 
ing signals A to D (i.e., turns the SW circuit 140 on). 

FIG. 14 is a diagram illustrating an exemplary structure of 
the conventional level conversion circuit 120. The number of 
the level conversion circuit 120 to be provided is determined 
in accordance with the number of control signals outputted 
from the baseband circuit 110. Thus, in the aforementioned 
example, two level conversion circuits 120 are provided. FIG. 
15 is a diagram illustrating an input-output characteristic of 
the conventional level conversion circuit 120 shown in FIG. 
14. 
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2 
Between an input terminal 151 which inputs a control 

signal outputted from the baseband circuit 110 and the 
ground, a bleeder resistance (R1) 121, a level shift circuit 122 
and a bleeder resistance (R2) 123, all of which are connected 
in series with each other, are inserted. An output terminal 152 
is connected to an output sidek of the level shift circuit 122. 
A relationship between an input voltage Vi of the input ter 
minal 151 and an output voltage V0 of the output terminal 
152, i.e., an inclination of the characteristic shown in FIG. 15 
is determined based on a resistance division ratio of the 
bleeder resistance 121 to the bleeder resistance 123. Specifi 
cally, Vo=VixR2/(R1+R2) is satisfied in region B. 
The level shift circuit 122 defines the input voltage Vi 

obtained when the output Voltage Vo starts to appear at the 
output terminal 152, i.e., an inclination start position ViCL) of 
the characteristic shown in FIG. 15, in region A, Vo is OV. The 
level shift circuit 122 is used for increasing a Switching mar 
gin in the case where the input Voltage Vi is a logic value 
“Low'. When a diode is used, for example, as the level shift 
circuit 122, a value ranging approximately from 0.5V to 0.6V 
will be obtained. 

FIG. 16 is a diagram illustrating a simulation result 
obtained when using the conventional level conversion circuit 
120 shown in FIG. 14. During a simulation, the bleeder resis 
tance 121 and the bleeder resistance 123 are set at 300kS2 and 
600 kS2, respectively, and a GaAs-MESFET having a Schot 
tky gate is used as a diode of the level shift circuit 122. 

(a) of FIG.16 shows a characteristic of the input voltage Vi 
versus the output voltage Vo of the conventional level conver 
sion circuit 120. The GaAs-MESFET having the Schottky 
gate (dbb to about 0.4V) is used as a diode, and thus the output 
voltage V0 rises up (appears) from approximately 0.4V. 

For example, it is assumed that the logic circuit 130 using 
an enhancement type GaAs-MESFET is provided subsequent 
to the level conversion circuit 120, and a threshold value Vith 
of the logic circuit 130 is +0.2V. In this case, a voltage level is 
set as an input Low level because the output voltage Vo is OV 
when the input voltage Vi is within a range from 0 to about 
0.4V(ViCL)), while the voltage level is set as an input High 
level because the output voltage Vo is 0.66V or more when the 
input voltage Vi is 1.5V(=Vi(H)) or more. Thus, it is possible 
to realize a level conversion circuit capable of outputting a 
voltage less than or equal to the threshold value Vth when the 
voltage level is the input Low level, and also capable of 
outputting a Voltage greater than the threshold value Vith 
when the voltage level is the input High level. 

(b) of FIG.16 shows a characteristic of the input voltage Vi 
versus an inflow current Ili (a current flowing from the input 
terminal 151) of the conventional level conversion circuit 
120. The inflow current Ili starts to flow at the same time when 
the input voltage Virises up. As is clear from (b) of FIG. 16, 
when the input voltage Vi is 1.5V, a current of 1.1 LA flows 
from the input terminal 151, while when the input voltage Vi 
is 5.0V, a current of 4.9 LA flows from the input terminal 151. 
The simulation result of the conventional level conversion 

circuit 120 is shown in a table 1 below. 

TABLE 1 

Wo where 
W = 1. SV Ii where Vi= 1.5W Ii where W = 5.0 V 

0.66V 1.1 LA 4.9 LA 

Moreover, these days, the miniaturization of LSIs which 
are mounted on a portable terminal has advanced, and the 
power consumption of digital circuits such as the baseband 
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circuit 110 has been reduced accordingly. Under such circum 
stances, an allowable current value of an output terminal 
included in the baseband circuit 110 also tends to decease. 
Therefore, in order to decrease the inflow current Ii flowing to 
the level conversion circuit 120, the prior arts using the 
bleeder resistances 121 and 123 mentioned above are under 
pressure to increase values of the bleeder resistances 121 and 
123. For reducing a current value to one-tenth thereof, it is 
necessary to increase the value of the bleeder resistance by ten 
times. 

However, in the case where a sheet resistance of approxi 
mately 1 kS2/D is used in the semiconductor processing, it is 
inevitable, in a method of increasing this resistance value, that 
a chip area be increased in accordance with an increase in the 
resistance value even if a resistance value is only several 
hundreds of kS2. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide a 
level conversion circuit capable of reducing to a minimum an 
inflow current flowing from an input terminal without 
increasing a chip area. 
The present invention is directed to a level conversion 

circuit which converts a level of an input Voltage and outputs 
a voltage whose level has been converted. In order to attain the 
object mentioned above, the level conversion circuit of the 
present invention comprises: a first transistor having a gate 
thereof grounded, for inputting the input Voltage to a source 
thereof and outputting an output Voltage from a drain thereof. 
a second transistor having a drain thereof to which a power 
Supply Voltage is applied, for inputting the output voltage 
outputted from the drain of the first transistor to a gate thereof 
and outputting, from a source thereof, the output Voltage 
determined by the power supply voltage; a level shift circuit 
for inputting the output voltage outputted from the Source of 
the second transistor to an input end thereof and outputting, 
from an output end thereof, a voltage whose level is shifted by 
a predetermined amount; and a resistance inserted between 
the output end of the level shift circuit and a ground. 

Alternatively, the level conversion circuit may further com 
prise a third transistor having a gate thereof grounded and a 
drain thereof to which a power Supply Voltage is applied, for 
outputting, from a source thereof, the output Voltage deter 
mined by the power Supply Voltage, and cause the second 
transistor to input the output Voltage outputted from the 
source of the third transistor to the drain of the second tran 
sistor. Still alternatively, the level conversion circuit may 
further comprise a second resistance for inputting the output 
voltage outputted from the source of the third transistor to an 
input end thereof and outputting, from an output end thereof, 
the output Voltage determined by the power Voltage, and 
cause the second transistor to connect the output end of the 
second resistance to the drain of the second transistor. 

Typically, each of the first to third transistors is a gallium 
arsenide metal semiconductor field-effect transistor, and the 
level shift circuit is a diode. In this case, the level shift circuit 
preferably uses a gallium arsenide metal semiconductor field 
effect transistor having a Schottky gate as the diode. Further 
more, it is preferable that in the semiconductor integrated 
circuit, a semiconductor chip on which the level conversion 
circuit is integrated is the same as that on which a radio 
frequency signal Switching device to which the level conver 
sion circuit is connected to. 

According to the present invention, it becomes possible to 
Suppress inflow currents flowing from an input terminal to a 
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4 
level conversion circuit and also flowing from a power termi 
nal to the level conversion circuit, without increasing a chip 
aca. 

These and other objects, features, aspects and advantages 
of the present invention will become more apparent from the 
following detailed description of the present invention when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating a structure of a level con 
version circuit 1 according to a first embodiment of the 
present invention; 

FIG. 2 is a diagram illustrating a simulation result obtained 
when using the level conversion circuit 1 shown in FIG. 1; 

FIG. 3 is a diagram illustrating a structure of a level con 
version circuit 2 according to a second embodiment of the 
present invention; 

FIG. 4 is a diagram illustrating a simulation result obtained 
when using the level conversion circuit 2 shown in FIG. 3; 

FIG. 5 is a diagram illustrating a structure of a level con 
version circuit 3 according to a third embodiment of the 
present invention; 

FIG. 6 is a diagram illustrating a simulation result obtained 
when using the level conversion circuit 3 shown in FIG. 5: 

FIG. 7 is a diagram illustrating a structure of a level con 
version circuit 4 according to a fourth embodiment of the 
present invention; 

FIG. 8 is a diagram illustrating a simulation result obtained 
when using the level conversion circuit 4 shown in FIG. 7: 

FIG. 9 is a diagram illustrating another structure of a level 
conversion circuit 5 according to the second embodiment; 

FIG. 10 is a diagram illustrating a simulation result 
obtained when using the level conversion circuit 5 shown in 
FIG.9; 

FIG. 11 is a diagram illustrating another structure of a level 
conversion circuit 6 according to the second embodiment; 

FIG. 12 is a diagram illustrating a simulation result 
obtained when using the level conversion circuit 6 shown in 
FIG. 11; 

FIG. 13 is a diagram illustrating an exemplary structure of 
a radio-frequency signal Switching device including a level 
conversion circuit; 

FIG. 14 is a diagram illustrating an exemplary structure of 
a conventional level conversion circuit 120; 

FIG. 15 is a diagram illustrating an input-output character 
istic of the conventional level conversion circuit 120 shown in 
FIG. 14; and 

FIG. 16 is a diagram illustrating a simulation result 
obtained when using the conventional level conversion circuit 
120 shown in FIG. 14. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, embodiments of the present invention will be 
described with reference to the drawings. Note that a radio 
frequency signal Switching device including a level conver 
sion circuit of the present invention has the same structure as 
that which has been described with reference to FIG. 13 in the 
“Description of Background Art'. Therefore, any description 
thereof will be omitted. 

First Embodiment 

FIG. 1 is a diagram illustrating a structure of a level con 
version circuit 1 according to a first embodiment of the 
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present invention. In FIG. 1, the level conversion circuit 1 
comprises a gate grounded circuit 10 and a source follower 
circuit 20. The gate grounded circuit 10 includes a field-effect 
transistor (FET) 11 whose gate is grounded for radio-fre 
quency components. The Source follower circuit 20 includes 
a FET 21 whose drain is grounded for radio-frequency com 
ponents, a level shift circuit 22, and a source follower load 
resistance 23. 

A source of the FET 11 is connected to an input terminal 
51, while a drain of the FET 11 is connected to a gate of the 
FET21. A drain of the FET 21 is connected to a power supply 
terminal 53, while a source of the FET 21 is connected to an 
inputside “a” of the level shift circuit 22. The outputside “k” 
of the level shift circuit 22 is connected to the output terminal 
52 and grounded via the source follower load resistance 23. 

Hereinafter, an operation of the level conversion circuit 1 
having a connection structure mentioned above. Note that a 
Voltage of an input signal applied to the input terminal 51, a 
current flowing from the input terminal 51, a Voltage appeared 
at the output terminal 52, a voltage applied to the power 
supply terminal 53 and a current flowing from the power 
terminal 53 are denoted as the input voltage Vi, the inflow 
current Ili, the output Voltage Vo, a power Voltage Vdd and an 
inflow current Idd, respectively. 

Since the source follower circuit 20 is in a high impedance 
input state, and uses the FET 21, the inflow current Iibecomes 
less than or equal to the order of LA. When the input voltage 
Vibecomes too high, the gate grounded circuit 10 absorbs the 
input Voltage with a Voltage drop of a drain-source Voltage 
Vds of the FET 11, thereby preventing a gate voltage of the 
FET 21 from becoming higher than necessary. The level shift 
circuit 22 shifts a position at which the output voltage Vorises 
up in an appropriate manner. 

(a) to (c) of FIG. 2 is a diagram illustrating a simulation 
result obtained when using the level conversion circuit 1. 
During a simulation, the GaAs-MESFET is used as each of 
the FETs 11 and 21, the source follower load resistance 23 is 
set at 150 kS2, the GaAs-MESFET having the Schottky gate is 
used as a diode of the level shift circuit 22, and the power 
voltage Vdd is set at 2.7V. 

(a) of FIG. 2 shows a characteristic of the input voltage Vi 
versus the output voltage Vo of the level conversion circuit 1. 
The GaAs-MESFET having the Schottky gate (dbb to 0.4V) is 
used as a diode, and thus the output Voltage Vo rises up 
(appears) from approximately 0.4V. Furthermore, when it is 
assumed that a logic circuit using an enhancement type 
GaAs-MESFET is provided subsequent to the level conver 
sion circuit 1, and a threshold value Vth of the logic circuit is 
+0.2V, a voltage level is set as an input Low level when the 
input voltage Viis within a range from 0 to about 0.4V, while 
the voltage level is set as an input High level when the input 
voltage Vi is 1.5V or more. Thus, it is possible to realize a 
level conversion circuit capable of outputting a Voltage less 
than or equal to the threshold value Vth when the voltage level 
is the input Low level, and also capable of outputting a Voltage 
greater than the threshold value Vth when the voltage level is 
the input High level. This is the same as the characteristic 
obtained when using the conventional level conversion circuit 
120 (see FIG. 16). 

However, in the present invention, the characteristic shown 
in (a) of FIG. 2 is different from that obtained when using the 
conventional level conversion circuit 120 in that the output 
voltage V0 shown in (a) of FIG. 2 remains saturated even 
when the input voltage Vibecomes 1.5V or more. Generally, 
the maximum input voltage rating Suitable for a logic circuit 
subsequent to the level conversion circuit is provided. There 
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6 
fore, the characteristic shown in (a) of FIG. 2 of the present 
invention will be of considerable benefit to the reliability of 
circuit operations. 

Furthermore, (b) of FIG. 2 shows a characteristic of the 
input voltage Vi versus the inflow current Ili of the level 
conversion circuit 1. When the input voltage Vi is 1.5V, the 
inflow current Ii is 0.8 p.A, which realizes a small current 
value approximately less than or equal to one-thousandth of 
that of the conventional level conversion circuit 120 described 
above. Furthermore, even when the input voltage Vi is 5.0V. 
the inflow current Ii is 5.3 p.A, which is also reduced to 
approximately one-thousandth of a current value of the con 
ventional level conversion circuit 120 described above. As 
described above, in the present invention, it becomes possible 
to reduce the inflow current Ili to a level close to Zero. 

Furthermore, (c) of FIG. 2 shows a characteristic of the 
input voltage Vi versus the inflow current Idd of the level 
conversion circuit 1. The level convention circuit 1 according 
to the present invention is different from the conventional 
level conversion circuit 120 in that the level conversion circuit 
1 has the power supply terminal 53 and the inflow current Idd 
is consumed from the power Supply terminal 53. According to 
(c) of FIG. 2, when the input voltage Vi is 1.5V, the inflow 
current Idd is 4.4 LA. 
The simulation result of the level conversion circuit 1 

according to the first embodiment is shown in a table 2 below. 

TABLE 2 

Wo where Ii where Ii where Idd where 
W = 1. SV W = 1.SV V = S.OV W = 1.SV 

O.66 V 0.8 p.A 5.3 p.A 4.4 LA 

Second Embodiment 

FIG.3 is a diagram illustrating a level conversion circuit 2 
according to a second embodiment of the present invention. 
In FIG. 3, the level conversion circuit 2 comprises the gate 
grounded circuit 10, the source follower circuit 20, and a 
voltage regulator circuit 30. The gate grounded circuit 10 
includes the FET 11 whose gate is grounded for radio-fre 
quency components. The Source follower circuit 20 includes 
the FET 21 whose drain is grounded for radio-frequency 
components, the level shift circuit 22, and the source follower 
load resistance 23. The voltage regulator circuit 30 includes a 
FET 31 whose gate is grounded for radio-frequency compo 
nentS. 

As shown in FIG. 3, a structure of the level conversion 
circuit 2 is different from that of the level conversion circuit 1 
in that the level conversion circuit 2 further comprises the 
voltage regulator circuit 30. Hereinafter, the level conversion 
circuit 2 will be described mainly with respect to the voltage 
regulator circuit 30. 
A drain of the FET 31 is connected to the power supply 

terminal 53, while a source of the FET 31 is connected to the 
drain of the FET 21. Other structural relationships are the 
same as those of the level conversion circuit 1. The voltage 
regulator circuit 30 limits a voltage to be supplied to the 
source follower circuit 20, that is, a value of a drain voltage of 
the FET 21 in an appropriate manner. Thus, it becomes pos 
sible to suppress the inflow current Idd flowing from the 
power supply terminal 53 to the source follower circuit 20. 

(a) to (c) of FIG. 4 shows a simulation result obtained when 
using the level conversion circuit 2. The GaAs-MESFET is 
used as the FET 31, and other conditions are the same as those 
used for the simulation of the level conversion circuit 1. 
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(a) of FIG. 4 shows a characteristic of the input voltage Vi 
versus the output voltage Vo of the level conversion circuit 2. 
Furthermore, when it is assumed that a logic circuit using an 
enhancement type GaAs-MESFET is provided subsequent to 
the level conversion circuit 2 and a threshold value Vth of the 
logic circuit is +0.2V, a Voltage level is set as the input Low 
level because the output voltage Vo is OV when the input 
voltage Vi is within a range from 0 to about 0.4V, while the 
voltage level is set as the input High level because the output 
voltage Vo is 0.58V or more when the input voltage Viis 1.5V 
or more. Thus, it is possible to realize a level conversion 
circuit capable of outputting a Voltage less than or equal to the 
threshold value Vth when the voltage level is the input Low 
level, and also capable of outputting a Voltage greater than the 
threshold value Vth when the voltage level is the input High 
level. 

(b) of FIG. 4 shows a characteristic of the input voltage Vi 
versus the inflow current Ili of the level conversion circuit 2. 
When the input voltage Vi is 1.5V, the inflow current Ii is 1.0 
pA, which realizes a small current value approximately less 
than or equal to one-thousandth of that of the conventional 
level conversion circuit 120 described above. Furthermore, 
even when the input voltage Vi is 5.0V, the inflow current Ii is 
5.6 p.A, which is also reduced to one-thousandth of that of the 
conventional level conversion circuit 120 described above. As 
described above, in the present invention, it becomes possible 
to reduce the inflow current Ili to a level close to Zero. 

(c) of FIG. 4 shows a characteristic of the input voltage Vi 
versus the inflow current Idd of the level conversion circuit 2. 
According to (c) of FIG. 4, when the input voltage Vi is 1.5V. 
the inflow current Idd is 3.9 LA, which is reduced by 0.5 LA 
as compared with 4.4 LA that is the inflow current Idd of the 
level conversion circuit 1 when the input voltage Vi is 1.5V. 
The simulation result of the level conversion circuit 2 

according to the second embodiment is shown in a table 3 
below. 

TABLE 3 

Wo where Ii where Ii where Idd where 
W = 1.SV W = 1. SV V = S.OV W = 1.SV 

0.58V 1.0 pA 5.6 p.A 3.9 IA 

Third Embodiment 

FIG. 5 is a diagram illustrating a structure of a level con 
version circuit 3 according to a third embodiment of the 
present invention. In FIG. 5, the level conversion circuit 3 
comprises the gate grounded circuit 10, the source follower 
circuit 20, and the voltage regulator circuit 30. The gate 
grounded circuit 10 includes the FET 11 whose gate is 
grounded for radio-frequency components. The source fol 
lower circuit 20 includes the FET 21 whose drain is grounded 
for radio-frequency components, the level shift circuit 22, and 
the source follower load resistance 23. The voltage regulator 
circuit 30 includes the FET31 whose gate is grounded, and a 
regulator resistance 32. 
As shown in FIG. 5, a structure of the level conversion 

circuit 3 is different from that of the level conversion circuit 2 
in that the level conversion circuit 3 further comprises the 
regulator resistance 32. Hereinafter, the level conversion cir 
cuit 3 will be described mainly with respect to the regulator 
resistance 32. 
One end of the regulator resistance 32 is connected to a 

source of the FET 31, while the other end of the regulator 
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8 
resistance 32 is connected to the drain of the FET 21. Other 
structural relationships are the same as those of the level 
conversion circuit 2. By providing the regulator resistance 32, 
the voltage regulator circuit 30 limits a voltage to be supplied 
to the source follower circuit 20, that is, the value of the drain 
voltage of the FET 21 in an appropriate manner. Thus, it 
becomes possible to further suppress the inflow current Idd 
flowing from the power supply terminal 53 to the source 
follower circuit 20, as compared with a case where using the 
level conversion circuit 2. 

(a) to (c) of FIG. 6 is a diagram illustrating a simulation 
result obtained when using the level conversion circuit 3. 
During a simulation, the regulator resistance 32 is set at 100 
kS2, and other conditions are the same as those used for the 
simulation of the level conversion circuit 2. 

(a) of FIG. 6 shows a characteristic of the input voltage Vi 
versus the output voltage Vo of the level conversion circuit 3. 
Furthermore, when it is assumed that a logic circuit using an 
enhancement type GaAs-MESFET is provided subsequent to 
the level conversion circuit 3 and a threshold value Vth of the 
logic circuit is +0.2V, a Voltage level is set as the input Low 
level because the output voltage Vo is OV when the input 
voltage Vi is within a range from 0 to about 0.4V, while the 
voltage level is set as the input High level because the output 
voltage Vo is 0.37V or more when the input voltage Viis 1.5V 
or more. Thus, it is possible to realize a level conversion 
circuit capable of outputting a Voltage less than or equal to the 
threshold value Vth when the voltage level is the input Low 
level, and also capable of outputting a Voltage greater than the 
threshold value Vth when the voltage level is the input High 
level. 

(b) of FIG. 6 shows a characteristic of the input voltage Vi 
versus the inflow current Ili of the level conversion circuit 3. 
When the input voltage Viis 1.5V, the inflow current Ii is 10.5 
pA, which is greater than that of the level conversion circuit 1, 
but still realizes a Small current value approximately less than 
or equal to one-thousandth of that of the conventional level 
conversion circuit 120 described above. As described above, 
in the present invention, it becomes possible to reduce the 
inflow current Ili to a level close to Zero. 

(c) of FIG. 6 shows a characteristic of the input voltage Vi 
versus the inflow current Idd of the level conversion circuit 3. 
According to (c) of FIG. 6, when the input voltage Vi is 1.5V. 
the in flow current Idd is 2.5 LA, which is reduced by 1.9 LA 
as compared with 4.4 LA that is the inflow current Idd of the 
level conversion circuit 1 when the input voltage Vi is 1.5V. 
The simulation result of the level conversion circuit 3 

according to the third embodiment is shown in a table 4 below. 

TABLE 4 

Wo where Ii where Ii where Idd where 
W = 1. SV W = 1.SV V = S.OV W = 1.SV 

0.37 V 10.5 p.A 19.0 pA 2.5 LA 

Fourth Embodiment 

FIG. 7 is a diagram illustrating a structure of a level con 
version circuit 4 according to a fourth embodiment of the 
present invention. In FIG. 7, the level conversion circuit 4 
comprises the gate grounded circuit 10, the source follower 
circuit 20 and the voltage regulator circuit 30. The gate 
grounded circuit 10 includes the FET 11 whose gate is 
grounded for radio-frequency components. The Source fol 
lower circuit 20 includes the FET 21 whose drain is grounded 
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for radio-frequency components, the level shift circuit 22 and 
the source follower load resistance 23. The voltage regulator 
circuit 30 includes the FET 31 whose gate is grounded, and 
the regulator resistance 32. 
As shown in FIG. 7, a structure of the level conversion 

circuit 4 is the same as that of the level conversion circuit 3 
except for a position at which the regulator resistance 32 is 
inserted. One end of the regulator resistance 32 is connected 
to the power supply terminal 53, while the other end of the 
regulator resistance 32 is connected to a drain of the FET 31. 
Other structural relationships are the same as those of the 
level conversion circuit 3. 

(a) to (c) of FIG. 8 is a diagram illustrating a simulation 
result obtained when using the level conversion circuit 4. The 
conditions used for the simulation are the same as those for 
the simulation of the level conversion circuit 3. 

(a) of FIG. 8 shows a characteristic of the input voltage Vi 
versus the output voltage Vo of the level conversion circuit 4. 
Furthermore, when it is assumed that a logic circuit using an 
enhancement type GaAs-MESFET is provided subsequent to 
the level conversion circuit 4 and a threshold value Vth of the 
logic circuit is +0.2V, a Voltage level is set as the input Low 
level because the output voltage Vo is OV when the input 
voltage Vi is within a range from 0 to about 0.4V, while the 
voltage level is set as the input High level because the output 
voltage Vo is 0.58V or more when the input voltage Viis 1.5V 
or more. Thus, it is possible to realize a level conversion 
circuit capable of outputting a Voltage less than or equal to the 
threshold value Vth when the voltage level is the input Low 
level, and also capable of outputting a Voltage greater than the 
threshold value Vth when the voltage level is the input High 
level. 

(b) of FIG. 8 shows a characteristic of the input voltage Vi 
versus the inflow current Ili of the level conversion circuit 4. 
When the input voltage Viis 1.5V, the inflow current li is 0.98 
pA, thereby making it possible to reduce the inflow current Ii 
to a level close to zero. 

(c) of FIG. 8 shows a characteristic of the input voltage Vi 
versus the inflow current Idd of the level conversion circuit 4. 
When the input voltage Vi is 1.5V, the inflow current Iddis 3.9 
LA, which is greater than 2.5 LA of the level conversion 
circuit 3 and thus producing less effect than the level conver 
sion circuit 3. 
The simulation result of the level conversion circuit 4 

according to the fourth embodiment is shown in a table 5 
below. 

TABLE 5 

Wo where Ii where Ii where Idd where 
W = 1.SV W = 1. SV V = S.OV W = 1.SV 

0.58V 0.98 p.A 5.6 p.A 3.9 IA 

As described above, according to the level conversion cir 
cuits 1 to 4 of the respective first to fourth embodiments of the 
present invention, by combining the gate grounded circuit 10, 
the source follower circuit 20 and the voltage regulator circuit 
30 together, it becomes possible to reduce the inflow current 
Ii flowing from the input terminal 51 to a level close to zero 
without increasing the chip area. 

Note that in order to improve an anti-Surge characteristic of 
the gate grounded circuit 10, a resistance 12 may be inserted 
between the input terminal 51 and the source of the FET 11. 
The higher a resistance value of the resistance 12 is, the more 
the anti-Surge characteristic is improved. FIG. 9 is a diagram 
illustrating a level conversion circuit 5 in which the resistance 
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10 
12 is inserted in the level conversion circuit 2. Similarly to the 
level conversion circuit 2, however, it is possible to insert the 
resistance 12 in each of the level conversion circuits 1, 3 and 
4. (a) to (c) of FIG. 10 is a diagram illustrating a simulation 
result obtained when using the level conversion circuit 5 
shown in FIG. 9. Regardless of the presence or absence of the 
resistance 12, there is no remarkable difference in the simu 
lation result (this is because a current does not flow due to the 
high impedance). The conditions used for the simulation are 
the same as those used for the simulation of the level conver 
sion circuit 2. 

Alternatively, in order to improve the anti-Surge character 
istic of the gate grounded circuit 10 and the Voltage regulator 
circuit 30, resistances 13 and 33 may be inserted to gates of 
the FETs 11 and 31, respectively. FIG. 11 is a diagram illus 
trating a structure of a level conversion circuit 6 in which the 
resistances 13 and 33 are inserted in the level conversion 
circuit 2. Similarly to the level conversion circuit 2, however, 
it is possible to insert the resistances 13 and 33 in each of the 
level conversion circuits 1, 3 and 4. (a) to (c) of FIG. 12 is a 
diagram illustrating a simulation result obtained when using 
the level conversion circuit 6 shown in FIG. 11. Regardless of 
the presence or absence of the resistances 13 and 33, there is 
no remarkable difference in the simulation result (this is 
because a current does not flow due to the high impedance). 
The conditions used for the simulation are the same as those 
used for the simulation of the level conversion circuit 2 except 
that each of the resistances 13 and 33 is set at 1 kS2. 

While the invention has been described in detail, the fore 
going description is in all aspects illustrative and not restric 
tive. It is understood that numerous other modifications and 
variations can be devised without departing from the scope of 
the invention. 

What is claimed is: 
1. A level conversion circuit which converts a level of an 

input Voltage and outputs a Voltage whose level has been 
converted, comprising: 

a first transistor having a gate thereof grounded, for input 
ting the input Voltage to a source thereof and outputting 
an output Voltage from a drain thereof; 

a third transistor having a gate thereof grounded and a drain 
thereof to which a power Supply Voltage is applied, for 
outputting, from a source thereof, the output Voltage 
determined by the power Supply Voltage; 

a second transistor for inputting the output Voltage output 
ted from the source of the third transistor to a drain 
thereof, inputting the output Voltage outputted from the 
drain of the first transistor to a gate thereof, and output 
ting, from a source thereof, the output Voltage deter 
mined by the power Supply Voltage; 

a level shift circuit for inputting the output Voltage output 
ted from the source of the second transistor to an input 
end thereof and outputting, from an output end thereof, 
a voltage whose level is shifted by a predetermined 
amount; and 

a resistance inserted between the output end of the level 
shift circuit and a ground. 

2. The level conversion circuit according to claim 1, 
wherein each of the first, second and third transistors is a 
gallium arsenide metal semiconductor field-effect transistor. 

3. The level conversion circuit according to claim 1, 
wherein the level shift circuit is a diode. 

4. The level conversion circuit according to claim 1, 
wherein the level shift circuit uses a gallium arsenide metal 
semiconductor field-effect transistor having a Schottky gate 
as a diode. 
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5. A semiconductor integrated circuit, wherein a semicon 
ductor chip on which the level conversion circuit according to 
claim 1 is integrated is the same as that on which a radio 
frequency signal Switching device to which the level conver 
sion circuit is connected to. 

6. A level conversion circuit which converts a level of an 
input Voltage and outputs a Voltage whose level has been 
converted, comprising: 

a first transistor having a gate thereof grounded, for input 
ting the input Voltage to a source thereof and outputting 
an output Voltage from a drain thereof; 

a third transistor having a gate thereof grounded and a drain 
thereof to which a power Supply Voltage is applied, for 
outputting, from a source thereof, the output Voltage 
determined by the power Supply Voltage; 

a second resistance for inputting the output Voltage output 
ted from the source of the third transistor to an input end 
thereof and outputting, from an output end thereof, the 
output Voltage determined by the power Supply Voltage; 

a second transistor having a drain thereof connected to the 
output end of the second resistance, for inputting the 
output voltage outputted from the drain of the first tran 
sistor to a gate thereof and outputting, from a source 
thereof, the output voltage determined by the power 
Supply Voltage; 
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a level shift circuit for inputting the output Voltage output 

ted from the source of the second transistor to an input 
end thereof and outputting, from an output end thereof, 
a voltage whose level is shifted by a predetermined 
amount; and 

a first resistance inserted between an output end of the level 
shift circuit and a ground. 

7. The level conversion circuit according to claim 6, 
wherein each of the first, second and third transistors is a 
gallium arsenide metal semiconductor field-effect transistor. 

8. The level conversion circuit according to claim 6, 
wherein the level shift circuit is a diode. 

9. The level conversion circuit according to claim 6, 
wherein the level shift circuit uses a gallium arsenide metal 
semiconductor field-effect transistor having a Schottky gate 
as a diode. 

10. A semiconductor integrated circuit, wherein a semicon 
ductor chip on which the level conversion circuit according to 
claim 6 is integrated is the same as that on which a radio 
frequency signal Switching device to which the level conver 
sion circuit is connected to. 


